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SIGNAL NOISL/ INTERFERER COMBINER UNI I' PROGRAMMABLE (SINCUP)

By Mr. Emilio Martinez be Pison
NAVOCEANSYSCEN, Code 532
211 Catalina Boulevard

San Diego, California 92152-b50U

ABSTRACT

Thu Signal Noise Interferer Combiner Unit Programmdble (SINCUP) has been developedto facilitate laboratory perlormance testing of Very Low Frequency (VLF)/LOw Frequency
(LF) receivers. To accomplish this, the unit allows the combining in controlled amounts
of various real-world environmental and manmade interference with an information
carrying signal. The externally modulated signal Is combined with internally/externally
generated Gaussian noise and/or with an internally/externally generated interferer. In
order to test modern digital processing techniques, such as Adapt've Nu1l Zts-ring,
EigenVector Sorting, and Widrow-tioff adaptive filters, SINCUP is capable of generating
and meeting much higher signal-to-noise plus interference ratios than earlier channel
simulators. The present software has been written to accommodate a dynamic signal-to-
noise ratio (SNR) range from -60 to +60 db. Highier dynamic range units could be
implemented.

BACKGROUND

SINCUP has been designed to test both analog and digital VI.F/LF receivers. Long-
range military communication channels are prone to noise perturbations, which can cause
errors in received messages. The error rates are a function of signal-to-noise plus
interference ratio and therefore extensive laboratory simulations are usually necessary
to establish receiver performance as a function of this ratio. SINCU provides a
flexible test tool designed to support testing of VLF/LF receivers operating in the
frequency range from 10 to 60 Xliz and could be extended to 160 kilz with minor hardware
modifications.

SINCUP was developed to replace earlier channel simulators which cannot function
with today's advanced signal processing techniques that require testing formats of
VLF/LF receivers at extremely low SNR'e. SINCUP will also circumvent certain
functionality problems that had become manitst, such as ground loop problems which
arose while testing signal levels in the microvolt range. These problems are caused by
the physical separation of various parts of the system under test using different ground
points in a laboratory area where several other systems are under test.

A typical test configuration involves a siqnal source (usually transmitting a test
messaqe) , noise and interferer sources, a true-root-mean-square (ThIS) meter to measure
signal-to-noise interferer levels, the receiver under noise stress, and other monitoring
equipment (such as bit or character error counters) . A typical test setup using SINCUP
is shown in figure 1. It consists of a communication signal source, a channel
simulator, and the receiver under test. S[NCU is the central hardware component used
to simulate the channel. The internally provided SINCUP calabilities that generate
interference and Gaussian noise can be Supplemented or supplanted through use of an
external interferer source and/or an external Gaussian noise generator. The
programmable features of sINCU2 automate testing and provide repeatability of test
results.

The communication signal source consists of a message source, such as a tape loop
on a transmit distributor, connected to the input of a transmit modem. A message is
then processed in oie of several ways by the transmit modem;for example, I" could be
encoded to provide error detection and correction, encrypted, or multiplexed with other
inputs. The resulting binary sequence is then converted to an analog signal through one
of several modulation techniques, such as Frequency Shift Keying (FSK) or Minimum Shift
Keying (MSK). The modulated signal is then amplified and broadcast.

The broadcast signal is normally propagated through the atmosphere and received
along with other VLF/LF signals (aanmade interferers) by the receiver. In the case of a
laboratory measurement, the channel can be simulated by attenuating the communication
signal to account for propagation losses of the signal and by a linear combining network
to add to the communication signal both Interference and environmental noise. In the
operational environment, interference and noise levels range widely relative to the
communication signal levels. Thus, in order to characterize receiver performance,
simulations must reproduce a wide variety of conditions. Multipif channel effects, su .h
as sea state effects, must be imposed by other techniques not represented in figure 1.

In order to characterize the channel as simulated through the addition of
interference and noise, each of the noise and signal sources are monitored prior to the
receive modem In a known and calibrated barlwidth to determine signal-to-noise and
sinal-to-interference levels. SINCUP allows thie user to select signal, interference,
and noise levels and exercise the receiver at these levels for selected periods of time.
If a preformatted teat message is used, It is easy to count the character errors trhat --
have occurred for tile given signal-to-Interference plus noise level, and thus obtain a
;oint on the receiver operating curve (character error rate (CER) vs. SNR curve). After...........
tile completion of a series of tests at different signal-to-interference plus noise
levels, it is easy to construct a waterfall, or CE Vs. SNR performance curve for the
receiver.

= K
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Figure 1. Receiver Test Setup with SINCUP

DE"S CR{I P1' iON

SINCUP is an automated standalone test support tool conceived, designed, built and

tested at NAVOCEANS¥SCmN. SINCUP converts time-varying voltage values of analog signal
end noise c:omponents to 'R] values so thlat aipproprialte measurable components can be

* attained for SNR computations. Thel~ TRNS values are diqitlzed and processed In fixed-
* point binary format so that they are represented accurately.

A functional block diagram or SINCUP is shown in figure 2. Subeequent paragraph.
describe the various SINCUP componentC.

The SiNCUP's circuitry and related hardware mount in a 17" x 12" x 20" rack-
mountable chassis. In order to minimite altornating current induced noise, a direct
current (DC) powered fan is used for cooling. Also, contrary to the wie use of
switching power supplies in today's state-el-the-art designs, it was decided to usS
inlear power supp~lies due to their low noise characteristlcs (despite their considerably
larger sizes) . The multi-output linear power supply rack mcuntable is separately
mounted beneath S1NCUP' u chassis to minimize self-noise.

SINCUP's controlling tno pr--cusing p imer is provided over a STD ue system. A

front panel mounted Microterminal with an AS ii format keyboard and a 16-character
light-emitting diode (LED) display provides the man-machine interface for SINCUP, while
dual -232 /O ports provide data and computer interfaces. The computer interface
allows SINCUP to be controlled by an externally connected IbM-compatible PC iT/AT. The
Pc's processing and displaying power relieves SINCUP of generating system functions
(which are not presently implemented) such as providing arror counts, printouts, and
most importantly, the ability to automate test senarioe with display presentation.

D)IGITAL CONTROL

See figures 2 and 3.

The SINCUP's control and processing power is generated by the built-in ser os
system consisting of six (6) 5Td bUS boards. The central processing unit (CPU) board
has 22 Kbyte of programmable read-only memory (rePrOs) for program code end 2 Kbyter of
random access memory (RAml) to store program variables and provide input/output (i/)

buff-erm.

The man-machine interface between the CPII and either the microterminal or the
external PC is achieved by one Dual Channel HS-232 SYNC/ASYNC Communications board.
Each of three Parallel Output oards are capable of driving six buffered ports for
command-word outputs to the Signal, Noise aed nterferer Attenuators, to the Frequency

DIIA CONTRO
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Figure 2. SINCUP Functional Block Diagram
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SyntheSi zer (Interferer source) to the Dual Cha~nnel Programmable Buffer Amplifier (PRA)
slnd to the various remotely located radio frequency (RF) relays.

The last STU BUS board provides six bulfered parallel input ports used to recover

the digitized data from the digital panel and the frequency meter.

SIGNAL CONbITiONING

slee figures 4, 5, and 6.

SI NCUP 's remadining PC hoards are nunt STUD BUS type: there ire three commercially
acqui red ones-- "Gaussian Nc iue Source", "Frequency Synthesizer"- (interferAr source) , and
the "Sine Wave Converter" board, which converts the Frequency Synthesizer transistor-to-
transistor logic (l'fL) square wave output to a mine wave.

Additionally, there are three in-house desiyned I'C boards:

(1) The "Programmable TRMS Siqnal Condi tijoner", wh ich for the purpose of accuracy
while converting to TlRflS DC equivalent, preamnplifies the selected signal or noise
component prior to establishing a given SH, converts this analog signal to a TfHIS DC

equ ivalent, and then attenuates this resultant DC signal to accommodate the OPHl (digital
Panel meter/analog-to-digital converter) full scale range of 200 My DC;

(2) the "Programmable Buffer Amplifier", which conditions the noise or interferer's
sources in amplitude and line driving capabilities; and

(II) the "Isolation Systems Control" board, on which complete logic control and CPU
interrupting capabilities are p.. jvided for thle OPMl and for tIhe FREQUENLY XE'l'E (internal
Interferer's frequency display/Interferer's analog-to-dIgital converter). Additionally,
RIF relay drivers, a 75 k0Hz low pass filter t(, produce band-limited Gaussian noise, and
three isolation transformers are mounted on this board. The transformers ground Isolate
the external signal, noise, and interferer sources from SINCUP.

NOISE. CHANNEL SIGNAL CONDITIONING FOR BOISE POWER
BANDWIDTrH CALCULATION

It is important to mention that the 715 khhz Butterworth low pass filter was a
logical design choice. SINCUP needed a precisely defined frequency of 75 k~z, along
with a filter providing constant amplitude in the pass band and sharp roll-off at the 3
db points. Such filter characteristics would allow operator-aided determinations of
Noise Power Bandwidth Dy empirical means. Then adequate calibration Gaussian noise "K"
factors could be obtained for use during SNiI computations (see Signal Handling
computations to follow). SINCUP should also be capable of upgrades which allow the

INTERFERER SOURCE NOISE SOURCE

EXTERNAL

IS~ATONISOLATION ISOATION

LWL TRANSFORMER DKIL TRANSFORMER I4A RNFRE
0OTF0LIAI OWIlLiil~ h~RM I

PROGRAMMBL LU#PM RtM

Ah64R:Vf ATTENUATOI
LINE D R LMOER

ATTENUATOR AnETOR ]ONT
17

4 -L
ONIOFF fKIFF

-__1411~ COMBINED
S IGNAL RIESISTOR S&541.4G NETWOVRK (SPV) TEST SIGNALS
CONDITIONING OUATU

Figure 4. Signal Conditioners
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PROGItAMMADLE JUFFE1R AMPLIFIER PC BOARD

See figure 6

i'he Programmable Buffer Amplifier (PBA) consists ol two identically designed PBAs;
one ampl if ies tire Gaussian noise and the other amplities tire interferer signal. The
programmable features are possible due to a dual eight-bit digital-analog-converter
(DAC), such as the model AD 7528, which is manufactured by Analog Devices. The
equivalent resistance of each DAC from input to output is used to provide the input and
feedback resistors in a standard inverting operation amplifier.

By loading the DAC by program control with suitable codes, programmable gain or
attenuation over the range of -48 to 48 db is possible governed by the following
relationship:

Vout - (Na/Nb)*Vin (1)

where I < Na < 255
I < Nb < 255

where Na > Nb provides gain and Na < Nb provides attenuation. Na or Nb is ant eilt-bit
word transferred into either of tire two DACs' data latches via a common eight-bit port.
Control input DAC/A or DAC/B with /WR determine which DAC is Lo be loaded.

S ,perior resistor matching and tracking performance is achieved with the dual DAC
since both DACs are built in the same chip arid therefore have similar properties because
of common laser-trimmed fabrication characteristics. A two-stage preamplifier Is used
to assure optimum gain characteristics across the frequency band of interest. During
measurement of a given summing point signal, the [BA is slaved to the digital processor
whenever gain or attenuation values have been programmed. Additionally, these
amplifiers provide the PBA with current driving capabilities to drive the 5U ohms input
impedance offered by the noise and interfcrer programmable attenuators.

TRMS SIGNAL CONDITIONER PC BOARD

See figure 5.

The signal conditioner consists of four main building blocks: a TRMS preamplitier,
a TPMS converter, a voltage divider, and a digital panel meter (DPM).

The TEMS converter is a model 442L manufactured by Analog Devices. This converter

is a high performance true-EMS-to-DC converter, which provides conversion accuracies of
+/-2 v for input signals of up to 175 kliz with levels between 0 to 2 volt RMS. The
model 442L provides one volt DC output for oie volt TEMS input. It is this DC output
that the voltage divider divides by five to accommodate the DPM maximum full scale range
of 200 mv. See figure 5.

The DPM is basically an analog-to-digital converter with a visual readout. The DPM
samples the input voltage periodically, converts that voltage to digital outputs, and
displays the corresponding reading visually. The DPMs output consists of three binary
coded decimal (BCD) bits plus an out-of-range overflow bit (a logical "I" iindicates over
100 mv being converted and read). In addition, the DPM's output consists of: a polarity
bit, s data ready bit to inform the digital processor that conversion of data has
occurred, and the overload bit, which informs the digital processor that >199.9 mv Is
being processed. A LED display flashes "0's to warn the user of an overload condition.

Note, built-in diagnostic software tests the DPM measuring and digitizing accuracy
by commanding a multiplexer to switch in a calibrating reference voltage provided by a
INTERIL mdqi lCIo8u69. This diagnostic app Lies a stable 11u my DC voltaqe to the input

of the DPM to establish its accuracy prior to use of SINCUP for performance testing for
a given signal-to-noise ratio (SNR).

SYSTEMS CONTROL AND ISOLATION PC BOARD

The Systems Control and Isolation board provides a mounting platform for various
components, such as:

a) the signal, noise and interferer ElF relay drivers

b) the 75 kliz low pass jilter used to band limit Gaussian noise

c) the signal, noise, and interferer isolation transformers. This board provides
the hand-shaking necessary to interface the DI'M and Frequency Meter with the digital
processor. It controls data arid interrupt exchanges during the analog-to-digital
conversions of these meters as follows.

'Tire mrain program imnitiai:es a conversion oy sending tire appropriate cusoan wol. Lu
a systems control and isolation board. To enable the DPM for conversion, a logical
"one" must set a flip-flop on "high one" simultaneously with the arrival of a strobe
pulse. This provides a signal which enables conversion and which triggers the DPH to
start conversion. See figure 5. Once the UPM completes :onversion, it raises its STATUS
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il o au "highr one", which ill turn tiiggers a flip-flop so that it outputs a logical
"ue" causingr a one shot to pulse shape a conversion complete STATUS signal fro tile
DPM. Simiilrly, when the FRE.Q METER require. interferer data to be digitized so that
the processor call digitally perform frequency Mreasurement, the program must send the
appropriate word-command-bit to set a logical "one" so that tire digital processor can be
interrupted. In so doing the processor initiates tile reading of the FREQ METER
digitized data. This is accomplished by cumparing two consecutive frequency samples
until they match, which indicates that the desired analog-to-digital conversicn has
teken place.

MANUAL/EXTERNAL FEATURES

The user has tire option to recall a IIAGNOSTIC program named MANUAL by pressing the
I'FK "MA UAL" whenever the micoterminal shows "READY" on its display and then, for the
purpose of calibrating and servicing SINCUP when required, the summing point has been
marie accessible to external devices, "uch as a TEN4S voltmeter, selective voltmeter/wave
analyzer, oscilloscope or spectrum analyzer--via a BNC connector labeled COMBINE SIGNAL
MONITOR.

r nma-, application is that of checking out what particular functions the stored
program has implemented upon request tor a given SNR or signal-to-interference ratio

(SIR) vs. that which is measurable via "COMBINE SIGNAL MONITOR". After a given test
scenario has been prograisably implemented, the user can access the manual mode by
entering "ENTE.i" ol the microterminal. Then, he enters MANUAL, to which the program
asks "ENTER POReT ADDRESS"; tire operator enters that corresponding command word address
that controls ON/OFF of tire desired function. The program then requests tile control
data bit that will turn on or off that particular function. An example would be to
monitor tile corresponding signal and noise being supplied to the summing point to
achieve a specific SNR. Assuming a rRMTS rater Is connected to monitor the summing
point, tile user, via MANUAl., can maintain a dialogue with SINCUP such that the
programmable noise relay can be turned riff and the signal relay turned on, so that the
corresponding signal magnitude (requested by tire programmable implementation of tIre
desired SNR) can be manually measured. The same approach is followed to determine tile
noise level. Once these magnitudes are available, methods described below can be used
to ascertain that SINCUP provides tire desired SNR within +/-0.1 db.

Two other DIAGNOSTICS are available. one diagnostic is initiated through "ATTEST"
and allows arr operator to verify correct performance of the attenuators. The other
diagnostic initiated by "DISPLAY STATJUS" displays intormatio on the SINCUP
configuration.

SIGNAL IIANDLING AND COMPUTATION

Figure 7 summarizes tire hardware components and mathematical factors invol',ed in
the process relating a voltage measurement at tire summing point to a computational
process by the computer software.

SINCUP software calculates SNRs using the following formula:

SNR (Jr dBi and referred to a bandwidth equal to l/(eignaling interval) - 20log(ext
signal)/noise + K (db) with

K - l0log (NPB/MOU RATE) where

NPB is the SINCUP's Noise Power Bandwidth (or Equivalent Noise Bandwidth)

MOD RATE is the communications signal modulation rate, or l/(signaling interval)

Note that "K" accounts for bandwith differences between SINCUP and the receive.-Is
intermediate frequency section. SINCUP has approximately 70 klz of bandwidth and tile
receiver has a bandwidth of 200, 4ri0, or LbUG IIz, approximately l/(signaling interval)
hlad SINCUP been equipped witi tile sme bandwdth as that of the receiver, measurement of
its noise component would inve become impractical due trr variability of GaussL4i niaa
aird tile inability of most TEMS meters to provide accurate readings under such
cond it ions.

If arr externaIily modulat-d signal is to ie measured and conditioned to provide a
desired SNR, the tollowing suftware/iardware interactions occur:

I. To provide the signal at tire summing point, where tire mixing of the three
signals occurs and at which each signal, individually, is measured by the Signal
Conditioner.

A DAICO SWITC1 model 10U-C0878-12 is turned on by the remotely controlled digital
word sent from the digital processor and via the parallel output STD BUS board to a
Texas Instrument relay driver model "15468. Then, a Wavetek programmable signal
attenuator model P12"BBI2-'7i'L is sent a digital control word that attenuates an input
signal (provided tiraL Ine sarjrrl level is not less than 50 or higher than 75 mv (TiNS))
sufficiently to allow this modulated signal to activate and initialize the Intended
Receiver System. Also, a Wavetek pIograsmable combined signal output attenuator model
P63BBI2-TTL is commanded to let sufficient signal out of the summing point to the
Receiver System under test.
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Let GF = 51G, G = Preamplifier Gain (Mnown by the program)

Let 5 = Pre-DPM attenuation factor

Then the program computes "SPV" by SPV " GF DDa
whereas DDa Is the absolute (DPM . - DD kiocn ~) digitized
TAMS DC equivalent fed to the Dgltal Processor

Figure 7. Signal Measuremont/Computatlon

2. Measurement and computation ot a given sig5iaIl is irlitialized by the progIdm
setting the corresponding attenuator to provide the desired SNR and the corresponding
switching relay to its turned on stAte. Tile signal magnitude is measured by passing it
into the combining network, the Signal Conditioner, the S'[O BuS parallel input board,
and the digital processor, where all the measuremcpt controlling algorithms reside. The
formula, SNH db - 20log(Vin/Vmeas), is used to determine the input signal level Vin (at
the front end of SINCUP) in terms of the measured voltage value, Vmeas, or at a 0 dB
setting of the attenuator in question from which the desired signal attenuation

k*J'n,, au., car. -6 at La II..

The variable terms "SNIP" .nd the ratio ,,1(4 in the formula above are software
manipulated to establish a given SNR. To accomplish this the signal conditioner
measures the modulated signal value !; and the Gaussian noise level N at the summing
point. The computer program then sets and measures the largest of the components to be
used in the SNR computation. Assume the Gaussian noise (N) has been programmed by the
Noise Programmable Buffer Amplifier to supply 200 mv (TRMS) to the combining network.
Mhen the program commands the appropriate circuitry for measurement as follows: in order

to provide the T.rMS c'nverter with lno0" mv of I'pulI sigal for optimum conversion, tile
pre-amplifier is sent a combined gain comnmand of FIVE, so that the 200 mv appeaing a
its Input and out o the suiming point becomes namplitled to 1000 my. The program stores
this gain command for future computations. The TRMS converter output (1000 my DC) Is
attenuated by the resistor voltage divider and the resultant 200 my DC is fed to the UPM
input. Next, tile UPM is commanded by the digital procesaor to convert thiu dc signal
ilto digltal data, by sending an enable conversion bit. This bit is stored momentarily
in a flip-flop and starts ai.alog-to-digital conversion in the UPM. The DPM generates a
status bit once conversion is completed. 'Itis status bit must be pulse shaped by a one-
shot before being sent to the digital processor. The end result is an interrupt (15
microseconds long) pulse sent to the digital processor to indicate that digital data
awaits recovery. At this point, the program reads tile digital data and computes the
corresponding signal at the summing point. '[ile magnitude of the noise signal to be
mixed with other signals at tile summing point is calculated as follows (see figure 7):

SPV = D1a*b/G where

SPV = summing point value

[a - absolute 1PM digitized reading
(instantaneous reading - [1i)

G = preamplifier gain.

5 '['I0S DC output attenuation factor to accommodate DPM full Scale range

DDi = initai DiM DC offset voltage read under initial program control prior to
all SNP mirarment'
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Memory (RUM) ; the Lest ing (if tile bPM, FkJ-,rQ. METERl, asid tile internal FRE:Q. SYNTIIESI ZEk's
Input and output hdrdware/sot tware. ofre0 alny .i tile t-ests is displayed 0o1ltile

isplay w ithI all error number-. After p~sinyl tile tests, a "READY" message oni te
Hicrotermillls display proltpts tile user* to elILer SNR vatluesi.

Up to th~ree s igna~l c'ioponents (external liuddttld bi(nalt, intlernl or extterli
G(tal.s 151 11 litie and an internal or externlI ioterterer of If) to 60 kliz specified to
within I Hiz) -an be combinled linearly Iil ratios specified by the user.

Prog i1INAl11ll e i otio.i keys, (11, K) tle uned to enter a s,!i ected SNH in dli camel y
SIGNAL, Eli', and ENTER. 'Tile EXt SiCIG LiED tI Iililti told a REkADY message is li~it ayed,

wi ic prompts tihe 11551' Lo coli I hue. Thbe 11501 t boO ill~.Ct NOI 2, INi an-ld iNt4Ri
AtlaIll, tile noise L.ED I ightts ald a kEAtlY mesiadle reajlpeti b to ackOw ledge lifeis setect Ion.
Next, tile ust presses COMBIiNE anld ENTER anld thle user- is pirolmpted ily "ENIER MUOIULA'TION
HAIE" Li) eniter a two, Ltree, or tout d lJ it jillilbur. 'ile Irograll then prompts tile user'
with tile mlessalqe IEIENE SNil" to ent er a numbller between -,11 and i-H0 specified to WI Lin l
0.1i. SlINUP then verifies tilit tile itasul I ItiSkll I c:iiiionelnts are within acceptable
l imits; it not, a tiessagje ils displtayed jild tcatits tliat tlhe ampl1itude of tile s ignlIi
till hligh or too low. Thle user call thlen Lake corrective act ion, such as illcreasfilo
decreas illi tile SIGNAL, EXT'ERNAL. amlii uie . Fi' 111 f, a it Cr all reuesUOted 1jzaralietej 515 ill
been appropriately answered, tile user is lr::.iited tio eliter the desired combined ti Ignal
ou1tputL level that is to Ile output to tile r-elever olldet Lest (expressed in dii) . rhie
lttler I mcli itate comput illlJ tile at teluattIoil valuei tio be sent to Lbe output attelluator
relative to a maximum value of 10 millivolts. 'Il, u itput level can be changed by tile
user at any time during regular testing by pressing PFK CHANGE OUTPUT and entering a now
value.

SUMMAR Y

Girounld loops are virtuatly elliinated by StINCUP by built-in Gaussian noise arid
interferenlce sources aild by the spec ialIliy deuigrued "'1105 lmster. Eloctromatniet: it:
Interference (EMI) is furthler reduced tihroili tlhe use of lintear DC power supplie.
Because of tile low resulting noise floor, SIiACUP provides the capability to run tests
over a large ran'ie of accurately genlerated Sill values.

S I CtiP au~tom~ates VL.F/iAr Lest Ilng by expel i11jq pre-testitg scenario preparlt loll by
performing Belt- 2alibrationi, conductilg hardwar'e tests, and supporting operator
selection of SNRs for testing, It sulpports unmltannied compliter-bdaed closed-loop test
scenario impiementations nrovidilng 111g accuracy error counting and supports the
generation of graphic summaries of performance data.


